An epidemiological survey of 414 English and 980 Dutch male cotton workers was undertaken to determine the prevalence of byssinosis and respiratory symptoms, and to compare the ventilatory capacities in the two populations, with particular reference to the influence of air pollution. The English workers were employed in six mills in Lancashire and the Dutch workers in three mills in Almelo spinning similar grades of cotton.
BYSSINOSIS IN ENGLISH AND DUTCH COlTON WORKERS
show whether or not the workers in these countries are as severely affected as those in England.
Apart from those in Egypt, the English cotton operatives are the only workers for whom there is a compensation scheme for byssinosis. The Egyptian scheme was started in 1961 and no awards have yet been made. The British scheme has been in force since 1941 and about 400 pensions are now awarded annually for new cases of byssinosis out of some 12,000 workers at risk and eligible for compensation. It is these figures, and the absence of any comparable data from other countries, that have been largely responsible for the belief that byssinosis presents a serious problem in England alone, and that the occurrence of the disease is influenced by factors additional to cotton dust exposure and specific to England.
In England the cotton industry is concentrated in and around the south-east Lancashire conurbation where adverse environmental factors, especially air pollution, are believed to be responsible for the high incidence of chronic bronchitis in the area (Goodman, Lane, and Rampling, 1953; Reid, 1956) . Since the later stages of byssinosis are often similar to those of chronic bronchitis it is not surprising that the polluted atmosphere of the mill towns has been suggested as a vital factor in producing disabling byssinosis (British Medical Journal, 1962) .
It was decided, therefore, to undertake a comparative epidemiological study of byssinosis and other respiratory symptoms in England and some other country with a similar climate but cleaner air. If air pollution plays a major role in the aetiology of byssinosis as well as chronic bronchitis, the Lancashire cotton workers would be expected to have a higher prevalence and severity of both diseases.
Choice of Country and Mills
The Netherlands was chosen for two main reasons. First, while conditions in the English and Dutch mills were sufficiently alike to permit valid occupational comparisons, the Dutch towns in which the mills are situated appeared to have much less atmospheric pollution than the English mill towns. Secondly, the two countries were close enough to permit frequent discussion of the many problems which would arise in a comparative study of this nature.
Much of the Dutch cotton industry is concentrated in the region of Twenthe near the German border. In the west of Twenthe lies the town of Almelo with a population of about 50,000. The visitor from England is struck by the clean exterior of its buildings, the open countryside around the town, and the apparent absence of atmospheric pollution. Almelo is more like a market town in southern England than a Lancashire mill town. It has an interplant occupational health service which caters for 35 factories, including the three mills in which this survey was made (Lammers, 1962) . These mills were spinning yarn from medium quality American type cotton with counts ranging from 10's to 130's.* Since both the prevalence and severity of byssinosis is inversely related to the quality of cotton spun (Schilling, 1956) it was necessary to select for comparison English mills spinning within this range of counts.
Six English mills were chosen so as to obtain a sufficient number of men for effective comparison with the Dutch, since all their workers were men whereas English mills employ a large proportion of women. Two of the mills are within the south-east Lancashire conurbation: one is in Swinton and Pendlebury, which has a population of 40,000, and the other is nearby. Three more lie on the fringe of the conurbation: two in the Bolton area, which has a population of over 160,000, and one in Atherton, a small town with 10,000 inhabitants, lying five miles south-west of Bolton. The remaining mill is in Chorley, with a population of 31,000, 12 miles northwest of Bolton and separated from it by moorland, and lying well outside the south-east Lancashire conurbation.
Populations
The populations studied consisted of all the male card room, blow room, and spinning room workers in the three Dutch mills and in three of the English mills. In the other three English mills only the card and blow room workers were included. The persons to be seen were defined as those on the factory books on the day the survey of each factory was started. Those who had been continuously absent for the previous two months were excluded. The number seen in each country was over 96 % of the defined population (Table 1 Schilling, 1958) .
Dust Sampling.-The airborne dust in t sampled during the whole eight-hour shift iI which workers were employed to obtain a measure of dust concentration. The equipm( the same as that used in a previous study an the hexhlet (Roach and Schilling, 1960 The macroscopic assessment of a specimen of sputum n the areas in and its classification into mucoid, muco-purulent, or a gravimetric purulent is subjective and liable to considerable observer ent used was variation. In order to remove bias, one observer (C.H.W.) Id is based on assessed all the specimens in both countries. Unfortunately, the English and Dutch sputa were not cultured in exactly the same way, the principal difference being that the Dutch specimens were washed before plating, the method used routinely throughout the Netherlands.
my survey of Results be placed on the subject's As there were only three Dutch workers over the and on his age of 65, the results are based on men aged 15 to 64 years. The crude prevalence rate of byssinosis is 4uld be even higher in the Dutch than in the English card and blow rooms* but similar in the spinning rooms. The prevalence of chronic bronchitis, defined as persistent sputum and at least one chest illness involving absence from work for more than one week in the previous three years, is higher among the English than the Dutch workers in both kinds of work rooms. Since the crude rates are affected by differences in the age distribution of the populations further comparisons have been made by using standardized ratios (Table 2 ; Fig. 1 ). These were Byssinosis.-As expected from previous studies (Schilling, 1956 ), the risk is very much higher in the card and blow rooms than in the spinning rooms. After standardization for age there is little difference in the prevalence of byssinosis for the comparable groups of English and Dutch workers. Nevertheless, the pattern of severity is quite different, with the Dutch having more of their byssinotics in the highest and lowest grades (Table 3) . With proportionately three times as many byssinotics in grade 2 it might be reasoned that the Dutch were more disabled than the English. Evidence from the ventilatory capacity (Table 5) .
Ventilatory Capacity.-The indirect maximum breathing capacity decreases with age and increases with sitting height. To make comparisons among the English and Dutch card and blow room workers and spinners it was necessary to adjust the mean I.M.B.C. for each of the four groups to allow for differences in these two factors. For this purpose an analysis of covariance was carried out. This gave partial regression coefficients of -1-32 litres/min. per year for the regression of I.M.B.C. on age independent of sitting height, and +6-70 litres/min. per inch for the regression on sitting height independent of age. The overall difference between the adjusted means of the groups was found to be significant at the 0 001 level of confidence. Individual comparisons were then made between countries and between the two occupational groups within each country (Table 6) . Dutch spinners have a significantly higher mean I.M.B.C. than either the Dutch card and blow room workers (P < 0-01) or the English spinners (P < 0-001). There are no significant differences between the English and Dutch card and blow room workers, nor between card and blow room workers and spinners in the English mills. When the means of all the English and of all the Dutch workers are adjusted for sitting height and plotted against age, the English have lower I.M.B.C.s for all age groups (Fig. 2) .
In both countries the men with cough, phlegm or byssinosis have on the average lower I.M.B.C.s than those without symptoms (Fig. 3) . Nevertheless, the much higher prevalence of respiratory symptoms among the English does not account entirely for the national differences in ventilatory capacity. Among the symptom-free, the Dutch have higher I.M.B.C.s than the English except in the 35-44 age group. When the card and blow room workers are divided into those with and without byssinosis the byssinotics questionnaires and tests dependent on the subjects' co-operation, possible sources of error are introduced, particularly when there are several observers.
We tried as far as we could to avoid such errors by using standardized questions and methods of testing. As the observers were allocated subjects randomly it was possible to get some measure of observer variability. In both countries there were some significant differences between observers, indicating that their standards of diagnosis and their testing techniques did vary. Nevertheless, all the English (Table 8 ). While the English card rooms had, on the whole, higher concentrations of dust of all particle sizes (total dust), the concentrations of fine dust (particles less than 7 ,u) were the same in both countries. For the spinning rooms the reverse Higgins et al., 1959; Pemberton and Macleod, 1956; Ogilvie and Newell, 1957; Olsen and Gilson, 1960; Royal College of Physicians, 1962) . Since smoking is so often associated with an increase in respiratory symptoms and a reduction in ventilatory capacity it was essential to examine smoking habits. There were fewer ex-and non-smokers among the Dutch, and their smokers consumed more tobacco than the English (Table 9 ). But 85 % of the English smoked manufactured cigarettes, whereas 57 % of the Dutch smoked a mixture of manufactured and hand-rolled cigarettes or the latter only (Table 10 ). Average consumption less than 7 g./week (1 cigarette = 1 g.). If the smokers of hand-rolled cigarettes had fewer symptoms than the smokers of manufactured cigarettes, this might explain the national difference in symptoms; but further examination showed that this was not so. After standardizing for age, occupation, and amount smoked, the ratio of observed cases to those expected was higher for the smokers of hand-rolled cigarettes than for any other group.
Atmospheric Pollution.-From the general appearance of the Lancashire towns with their grimy brick work and smoking chimneys, compared with the clean buildings and open spaces of Almelo, it may be inferred that the Lancashire cotton workers have been exposed to more air pollution than the Dutch.
To look more closely at the possible effects of air pollution, the English workers were divided into three groups: (1) those living in the south-east Lancashire conurbation; (2) those living in the towns on its fringe; and (3) those living in the towns outside the conurbation. Forty-three workers living in ill-defined areas were excluded. Indices of air pollution in the three areas were derived from measurements of smoke and sulphur dioxide taken in four towns during the winter months of 1960-61 and 1961-62 (Table 11 ). The air pollution in these three areas appears to be of a similar order. Nevertheless, these indices can serve only as a rough guide since there is a large amount of variation in recordings taken at different sites in the same town, and recordings were not always complete for the whole period.
To compare the prevalence of cough and phlegm in the three areas, standardized ratios were calculated to allow for differences in age, occupation, and smoking habits. There were no significant differences between these ratios (Table 11) . Thus, for comparison with the Dutch, the English town dwellers have been grouped together.
The Dutch workers were divided into those living in the town of Almelo and those living in the country around the town. Fifty-five workers could not be classified in this way and were excluded. The townsfolk of Almelo show a higher prevalence of persistent cough and/or phlegm than the men living in the surrounding country.
If for each age group the English town dwellers are compared with the Dutch town and country dwellers, the pattern of prevalence is remarkably consistent. With the exception of the card and blow room workers aged 15-24, the English have the highest prevalence and the Dutch country dwellers the lowest, while the Dutch town dwellers occupy an intermediate position (Table 12) .
In Holland, air pollution was measured from February 9 to April 1, 1963 at two sites in Almelo and in an adjacent rural area. The techniques used in the two countries were the same. The mean values of smoke and sulphur dioxide are compared with the mean values over the same period of time for the Lancashire towns for which pollution figures are available. The figures cover a very short period of observation, but they confirm the general impression that pollution in Lancashire is considerably higher than in Almelo, and higher in Almelo than in the surrounding rural areas. Prevalence of cough and phlegm, standardized to allow for differences in age, occupation, and smoking habits, appear to be related to the pollution levels of both smoke and sulphur dioxide (Table 13) . (Schilling, Hughes, Dingwall-Fordyce, and Gilson, 1955) . In our survey, in which all the mills were spinning medium quality cotton, the prevalence of byssinosis was much the same in the two countries.
In both countries the prevalence in the spinning rooms was less than 2 %, and of those with byssinosis none was seriously affected. In the card and blow rooms the prevalence was about 15 %, which is considerably less than that found in the English coarse mills where about half the card room workers were affected (Roach and Schilling, 1960) .
Byssinosis is a compensatable disease in England but not in the Netherlands. Yet during this survey seven Dutch card room workers with byssinosis were found to have very low I.M.B.C.s (less than 50 litres/min.), and eight were considered by their plant physician to need immediate transfer to other work. Before this survey at least three card room workers in these same mills were found by the plant physician to be disabled with byssinosis and were transferred.
In recent surveys, chronic bronchitis has been defined as persistent sputum with a history of at least one chest illness in the last three years involving absence from work for seven or more days (Higgins, 1957; Higgins and Cochran, 1958; Higgins et al., 1959; Olsen and Gilson, 1960) . Any definition of bronchitis which includes illness causing lost time is likely to be unsuitable for certain types of epidemiological survey because it is seriously affected by a variety of industrial and economic factors . We now believe that valid comparisons of rates of bronchitis thus defined cannot be made between the English and Dutch because the latter receive much higher sickness benefits. We decided instead to focus our attention on the main respiratory symptoms associated with bronchitis, basing our comparisons on the prevalence of persistent cough and/or persistent phlegm. This produced the most striking difference between the two countries, with the English having higher prevalences at all ages (see Table 12 ).
The I.M.B.C. is also lower in the English than in the Dutch at all ages, with no indication of an increased divergence with age (Fig. 2) . This is a surprising result if the English are being damaged by the effects of atmospheric pollution. Similarly, one would expect to see in the English, as one sees in the Dutch, that the divergence of I.M.B.C. between those with and without symptoms widens progressively with each increase in age (Fig. 3) . A possible explanation is that during the last 15 years there has been a considerable contraction of the Lancashire cotton industry, which has encouraged the less fit in the older age groups to leave the mills.
The sputum survey, which is a relatively new ,epidemiological technique for studying non-specific respiratory disease, provided important additional evidence of the national difference. Our results (see Fig. 3 ) support those of Fletcher, Elmes, Fairbairn, and Wood (1959) , who found that patients with persistent cough and phlegm had lower I.M.B.C.s than those without these symptoms. In our survey the higher prevalence of symptoms among the English does not appear to account entirely for their lower ventilatory capacities. When the symptom-free in both countries are considered, the English still compare unfavourably with the Dutch.
There is no easy way of identifying the causes of chronic bronchitis, respiratory symptoms, and impaired ventilatory capacity. They are likely to be the product of inter-related genetic and environmental factors. But if we have shown a real difference between the English and Dutch cotton workers we must examine some of the factors that may be responsible for this difference.
In a comparative study of rural workers in Denmark and Great Britain, Olsen and Gilson (1960) explained the significantly lower prevalence of symptoms and higher I.M.B.C.s of the Danes by the fact that they had more non-smokers and fewer cigarette smokers than the British. Cigarette smoking is an important factor in chronic respiratory disease, and in a later paper will be shown to be so for our English and Dutch workers. Nevertheless differences in smoking habits do not appear to account for the higher prevalence of respiratory symptoms and lower ventilatory capacities of the English workers. Many socio-economic factors, including occupation, are important in the aetiology of chronic respiratory disease (Reid, 1958) . The harmful effect on the respiratory tract of industrial dusts is well known, but our results do not suggest that the dust hazard is greater in the English mills, since the prevalence of occupational respiratory disease was similar in both countries.
The social class gradient found in bronchitis morbidity and mortality rates in England and Wales cannot be explained by any one isolated factor and may be caused by the influence of a complex of social and environmental factors including diet, housing, medical care, and domestic overcrowding. It would be difficult to construct an adequate index to compare the socio-economic status of the cotton workers in the two countries, but the general impression is that the present social conditions of the English and Dutch workers are similar, although the Dutch worker may be better housed.
A positive association has been found between the density of population and some respiratory diseases. There is no doubt that population density is higher in the Lancashire towns than in Almelo and would provide increased opportunity for contact with respiratory infection. However, this factor is strongly associated with other environmental agents suspected of being injurious to health, such as domestic over-crowding and air pollution. In a study by Fairbairn and Reid (1958) (Firket, 1936) , in Donora in 1948 (Schrenk, Heimann, Clayton, Gafafer, and Wexler, 1949) , and in London in 1952 (Logan, 1953) .
Less is known about the long-term effects of sustained air pollution at lower concentrations. Investigations in England and Wales have shown an association between bronchitis mortality in county boroughs and the average recorded amount of sulphur dioxide (Pemberton and Goldberg, 1954) , and between bronchitis mortality and indirect indices of air pollution such as domestic consumption of coal per acre, and per acre of built-up area (Daly, 1954 (Daly, , 1959 . Fairbairn and Reid (1958) , in a study of postmen in the United Kingdom, used as an index of air pollution the results of a survey of visibility made in the winters of 1936-7 and 1937-8. They found that postmen working in areas of high pollution had more sickness absence from bronchitis than those in the less polluted areas. Waller and Lawther (1957) 
